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AN EXPLORATORY STUDY OF THE INITIATION OF STEEL-SHIELDED
COMPOSITION "B" BY SHAPED CHARGE JETS (U)

ABSTRACT

A preliminary study of “he iaitiation by shaped charge Jets of Comp
"B" charges protected oy various thicknesses of steel coverplates Las i
been carried out. Tue aim was to determine the variables in the expseri- ‘
ment which are likely to hgvc a significant effect. High speed photo-
graphic teéhniq_ues were used to ascertain c:tails of the initiation

process.
The effects of length of explosive charge, thickness of coverplate

and verious types of explosive confinement were evplored. Both MI9AL and

105mm charges were used as the source of the jet in these experiments.

Several hypothcses regerding the nature of the mechanipm nf the
initiation process are proposed as a basis for add4tional studizs.
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INTRODUCTION

The initiation of high explorives by high velocity fragments is an
important consideration in assessing vulnersbility of warheads ccntaining
high explosive. The ,jgt frou = chaped charge constitutes a rather
specialized form of high velocity fragments, .hose ability o initiate
higk axpiosive has 'intrinsic interest even though the specificaticrs of
the deteiled fragment characteristics are more nebulous thsn would be
desirable for an expe."iment with single fragmente. The fragment velocity

‘ vhich can be achieved with shaped charges is, however, considerably greater
than that thainablg with other available techniques. :

From simple considerations one would cxpect ihat exploslve con-,

. finement and protective coverplate thickness would Be important variables.
It was anticipated thai other important variables might become apparent
in the course or the experiment. Explosive length turned out to be such
a variable.

CHARACTERISTICS OF THE SHAPED CHARGE JETS USED

The Jjets used in these experiments wei-e obtained from two types of
shaped charges: the MJAL .aarge (uominal) as shown in Figure 1, and +he
‘Oﬁm charge as shown in Figure 2. The cones in both cases were made of .
copper. The appearance of the jets from thoce chalges are shown in Figures
3 and 4. Computed velocities of the tip of the jet at the interface of
Jet and steel target as a function of th: depth of penetra®ss . erz z.°n
in Figures 5 and 6. '

The MJAL size was used mainly for the high speed puotographic chaer-’
vations, although quite a few were “:ced in carrying out the parallel studies
of the effects of con’inement, charge lergti and charge diam~ter. The
105mm size (apg.oximately twice the diameter of the MOAL) was used fo~ the
study of the effects of continemeni and charge lengtn.

5
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EXPERIMENTAL PRCCLDURE

‘ The general experimental procedure consisted of firing a shaped
charge Jet through a protective steel coverplate into a piece of high
axplosive fastensd to the rear of the coverplate.

1. Expiosive Charge Preparaticn

Explo: _ve cha.rgee.of Cmposi‘laion "B* were csst in cylindrical
form. Charges of both 1-1/2" and 3" diameters were prepared. Charge ,
lengths were varied from 1" to 15" and were made up of increments varying
in length from 1" to 6. There appears to be nc evidence in ell cf the
experimeﬁts that a single homogeneous cylinder of high explosive behaves
appreciably differently from a similsr vylinder made up of increments.
Long incremental charges are likely to be more neariy homugeneous in |
‘cmposition than long single-piece charges because of the increased proba-

bility of segregation in the one-piece charge.

2. Protective Coverplate

For the experiments with 105mm charges, the roverplate thickness
'varied from O" to 12" of 1020 mild steel. The coverplate thickness was
increased in 3" increzents by stacking 6" x 6" x 3" steel blocks.

The 105mm shaped cherge was fired at a standoff of 7-1/4" from the
outer coverplate surface, as shown in Figure 7. The explcsive charge
was beld in physical contact with the inner coverplate surface.

The expariments with the MJAL charge were carried cul with 5
coverplate of 1020 mild steel varying from 0" to 3" in thickness. i

3. _COnfinemeut of Explosive Charge : ' : =
in a sepurate phase ol the experimen! the explosive chiarge was
cenfined by a s=cond plate on the opposite side of the charge, as suown
in Figure 8.
An alditional experiment with the 105mm charze was carried out with
the 3" diametcr explosive charge encased in a steel body haviag a 3/8"
wall thickness. It was also confined at the open ead as in Figure 8.

CONFIDENTIAL
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For the MOAl charge, the i-1/2" dameter explocive cylinders were
encased in 1/8" steel tubing for the cont'inement experiments. The =nd
coverplate (3" of 1020 mild sieel) was also used.

%4. Photographic Observation

. In order to locate the point of initiation within the explesive
charge as the coverplate thickness was increased an wltra high spe'ed
framing camera was used to observe the locetion of the emerging detonation
wave., From this observation one can approximate the interior point of
initiation. '

In addition, one could ohservé the behavior of those expl&sive charges
which failed 0o be initiated igmedistely. In many of thess chsgervations,
the ltmiﬁosity of the air shock from the detonating ex‘ploéive vrovided
the necessary lighting. In some instances, backlighting wes provided by an
argon bomb. ' i :

EXPERIMERTAL DATA _ .

The observations made with the 105amm shaped cherges are recorded in
Tables I, II, and III. '

Table 1 gives the results for 3" diameter cylinders of explosive
(Comp "B") with lengths varying from 1" to 15" and coverplate thicknesses
varying from O" to 12" of 1020 mild steel. In this phase, no confinement
was used. Figure 7 shows the experimental set-up.

Similarly, 'l'ablesl IT and IXII give data for the 4wo paases’ mvai-viug
coafinement. '
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TARLE I

PERCENTAGE OF HIGE ORDER INITIATIONS OBTAINFD WITE VARIOUS LEINGTHS (L
OF 3" DIAMETER COMP "B" CYLINDERS 1. WHICHE A 105MM SHAPED CHALNGE JET
WAS FIRED THROUGH VARIOUS THICKN=3SES JF STEEL COVERPLATE (t) WIYTHOUT

-+ END CCWPINEMENT '

T

Explosive
Cover I=ngth

iplate - in
Thickness \ inches
t in inches -

0

- (4)
100%

(5) 5)
20% : 80%

' (5) (5) (5) (5) | (&)
12 205 | kot 60% | 80% | 100%

In this table and subseqr :nt tables the number ir parenthesis repre- |
sents the number of trials with the particular charge length and cover-
_plate thickness. '

In thev absence of photographic observaticns, high order initiation
is reco;'ded if there is a dent in the coverplate (or confining pl-“a}
adjacent to thne cparge as shown in Figures 9 and 10. These suow the
observed varictions in the Gent on the steesl coverplate which were recorded
as high order initiastion. In the MOAl experiments photographic obser-
vations also weire made jrhich ara consistent willa the dent criterion ror
high order initiation.

8
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TABLE II

PERCERTAGE OF HIGH ORDER INITIATICNS OBTAINED WITH VARIOUS LENGTHS (L)
OF 3" DIAMESFR COMPOSITION "B" CYLINDERS INTO WHICT A 105MM SHAPED CHARGE JET -
WAS FIXED THROUGH VARIOUS THICKNESSES OF STEEL COVERPLATE (t) wm
3" 1020 MILD STFEL END CONFINEMENT

t (in inches

)

CONFIDENTIAL
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_TARIE III

PEIIRCMAGE OF HIGH ORDER INITTATIONS OBTAINED W.TH VARIOUS LENGTES (L)

. OF CASED 3" DIAMETER COMP “B" CYLINDERC INTO WHICH A 105MM SHAPED CHARGE JET
WAS FPIRED TEROUGH VARICUS THICKNESSES GF STEFL COVERPLATE (t) WITE 3™ 1020
MILD STEEL END CONFINEMENT, CASING £.EFL, 3/5° WALIL TEICKNES3

t in inches

3

10
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e

The MGAL experimental res. ts are ccllzcted in Tables IV. V, I,
and VII.. Table IV shows tisz results {on unconfined explociv>) which were

IEFEMEL AN,

observed photographically.
TABLE IV’ e

PERCENTAGE OF HIGH ORIER INITIATIONS OBTAINED WITH VARIOUS LENGTLS (L)
OF 1.5" DIAMETER COMP "B" CYLINDERS INTO WIICH AN MOAL CHAPEL CHARUE JET 3
WAS FIRED THROUGH VARIOUS THICKNESSES OF 1020 MILD STEEL COVERPLATE (). : 5

OBSERVATIONS WERE MATE WITH THE ULTRA HIGE SPEED FRAMING CANERA.

[
~
\%,
A

o

il
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TadLE V

PERCENTAGE OF HIGH ORIER IRTTIATIONS OBTAINED WITH VARIOUS LENw(HS (L)
OF 1.5" DIAMETER COMP "B" CYLINDERS INTO WHICH AN MAY SHAPED CEARGE JET
WAS FIRED TEROUG! A 3" THICKNE3S OF 1020 MuiD STEEL COVERPLATE (t)

WITH 3" 1020 MILD STEEL END CONFINEMENT.
PHOTOGRAPHIC OBSERVATIONS WERE MADE ON THE 2" LENGTE OF CEARGE.
* Explosive Length % of High
L in inches Order Injtiiation
»*
(8)
2 . 87%
~ (3)
b 67%
(10)
4
(10)
5 10%
(5)
8 4ok
(5]
10 20%
(5)
12 60% ’

#* 5 'rounds oniy were photcgraphically otserved. Thes® rounds
had 1" end confinement plates (1020 mild steel) in piace of
the 3" plate normally used.

12

CONFIDENTIAL

e N




COUNFIDENTIAL

TABLE VT

PERCENTAG OF HIGH ORDER INITIATIONS OBTAINED WITH VARIOUT LENGTHS (L)
OF 1.5" DIAMETER COMP "%®" CYLINDFRS ENCASED IN A 1/8" STEZZ BOLY
INTO WRICE AN MOAl SHAPE) CHARGE JET WAS FMiZi THROUGH A 5" THICKNESS
1020 MILD STEEL COVERPLATE () WITH 3" 1020 MILD STEEL END CONFINEMENT

- ,
Expiosive Lengtb ) % of High }
L in iuches o Order fnitiations |’
\ (5)
1 ‘ 0%
' (5)
, 2 100%
| - (s)
4 100%
(s)
KR "100%
(5)
S 100%
, (5)
10 100%

TABLE VII

PERCENTACE OF HIGH ORDER INITIATIONS OBTAINED WITH VARIOUS LENGTH= (L)

OF 3" DIAMETER CUMPOSITION B CYLINDERS INTO WHICH AN MYAl SHAPED CHARGE .JRT

WAS FIRED THROUGH A 3" THICKNESS OF 1020 MILD STEEL COVERPTATE (t) WITH 3"
1020 MILD STEEL END COIFINEMENT.

Explosive Length % of High
L in inches Order Initiations
' (8}
5 ‘ - 874

(10)
60%

CONTIDENTIAL
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ANALYSIS OF HESULTS

A. MOAL Charges" - Photogrephic Cheervatious

The Beckman & Whitley ultrs high speed framing camera wes used L
stud& the initiation of the higli explosive, with the MGAL copper cone
being fired into 1-1/2" diameter cylinders of lzzp "B".

These re.ults will be considered first since they will suggest a
vs3is for analyzing the 105mm data, which were obtained without photcgraphic
observations. Table IV shows the conditions studied. '

The initia.tion of en uncovered Comp "B" cylinder 1" long is shoum
in Figure 11. The jet is seen striking the left face of the target.
Initiation is seen to occur.very near the surface of the Coap B, on the

’ basis of the shepe of the emerging side air shock. The detona’icn propa-
gates to the right. The shape of the detonation wave is approximately
spherical as can be seer from the shape of the air shock emerging from
the right racg of ‘he explosive. |

The initiation tnrough a 1/16" coverplate is quite similar in
appesrance, as is shown in Figure 12.

When the coverplate is 1/2" thick, we see in Figure 13 evidence o’
initiation about 1/2" deep in the explosive (see frames 6 and 7).

For & 1" steel coverplate and a 1" long explosive cylinder, shown
in Figure 1L, the point of initiation is judged to be about 3/L" from
the steel- oxplceive interface. There is evidence of asymmetr; _. the
' emerging ailde alr shock which suggests that the initiation was not aiong
the axis of the cylinder but rather nearer the side surface fa:ing the
cemera. (ses freme 2). The peculiar bebsvior of the detonation proceeding
backward is noteworthy, since it appears to indicate an errs*: dsvelup-
ment of the backward wave front. '

A 2" stsel coverplate on a 1" long expiosive cylinder gives tie
results shown in Figve 15. Here it is clear that initiation is oc~-
curring agymnetrically and originates very near the free face of the ex-
plosive. (s2e frame 3). Again the erratic developmen‘i of the backward

~ 1,
L
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going detonation wave is seen (in frames 5, < & 7). There is even
evidence for o Mach interaction between two different portions of the .

hackward moviug detonation wave (see frames & and 9).

With 2" of :overplate and 1" of Cump B, failures to initiste high
order were observed 4 times out of 5. Figuce lo stows the photograph of
sucn a faiure to initiate, It snoﬁld be pointed out that it is ex-

‘ tremely rare that any unconsumed high explosive is recovered, so that

even +hough high oreer initiation does not oceur, the explosive is

burned. So far no photographic evidence ha:s been obtained of either the
deflagration or the low order detonation which is presumed to be responsible

for the 'consumption of the high explosive.

Initiation of a 2" length of Comp "B" through 2" of steel coverplate
is seen in Figure 17. Here again, injitiation i3 seen tc occur asym-
metrically. The point of init‘latio‘n is estimated from frame 1 to be about
1/4" into the 2ad cyliader. The erratic backward going detonation is again

seen in frames 2, 5 tad 4.

Failure to initiate a 2" length cf charge through a 3" coverplate

is shown in Figure 218.

These results ezppear to indicate e progressive movement of Jthe point
61‘ 1nitiation deeper into the high explosive us the coverplate thickness'
is increased. '

The MOAl experimental data with end confined explosive ‘“herger, o~
are given in Table V, have already been described as erratic. 7% was
thought that high speed pnotogruphy mlght irdicate scme reason for this
behavior. '

Figure 19 shows the initiation of a 2" length of exp.ousive sandwiched
between & 3" steel coverplate and « 1" steel end-confining plutz. The
initiation is clearly occurring at the far interfuce , which 4s beir,
struck vy thé Jet after it pierces the {ront coverplate end the explosive
itself, The development of the backwurd moving detonation is accompanied
by a ratrer unusual display of illumination which may ipdicate low order

15
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detonation in vhe portion of the explos!ve whick has already been traversed
by the jet. o '

o It is suggested that the unexpec.ad peak in the percentage of higb
orcer initiation for the short lenths of Coh:p "B" with end ccnfineaent
may be due to the fact that the FMUAL Jets showed (see radiograph in Figure
3) hooks end a curved portion on the front which, by providing a larger
impact ‘area on the gecond or confining plate, would de likely to increase
the probabllity of initiation at the back plate. This ef:éct furtberxcre
would be more pronounced for the thinner coverplates, which wounld not
wipe off the entire hook' during penetration as much as would a ‘thick
cow-erplaté. This hypcthesis should be tested in further ‘investiga'.tions.,

Pertinent data from experimeats with 1/8" steel cased Comp 3 charges
(Table VI), increased Clameter (3") Comp B charges (Table VII), no con-
finement (Table IV) and end confinement (Tehle V) are summarized in Table
VIII below to indicate the irend towa.rd higher initiation probability with

. confinement and wich increa.nu:g diameter.

TABLE VITI

$ OF HIGE CRI¥R INITIATIORS
COVERPLATE 3" TEICK POR ALL SHOTS

. ' : Unconfined Confined
Conditions 1-1/2" Dia. - 1/8" Steel Case End
l‘l/zn maq

1" Length
Comp B % &

. End Confined Only

1-1/2" Dis. 3" Dia.

5" Length 10% "87%

8" Length sob | 60f

16
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B. lc_)_'g':'n gcgeriments

1. Unconfined Charges oi Comp "R

n g

in Contact with the Cover.late.

It is evident from Teii~ I ihut for a given explbsive lengch, as
the protective cove:?p] «te tbickness increases, the provability of hign . '
order initiation decreases. Furthermore, for & given coverplate thick-
ress as “h2 explosive length increases, "the probability of high order
initiation increases. Thus the results ahggest. 8 series of relationspips
shown schematically in Figures 20, 21 and 22. Figure 20 shows the
parameters, I‘l and 1.2, defined as follows:

For a given thickness of coverplate,

Ll is the explosive length such that no pigh orler inlitllations will

cccur if the charg=~ is Ll or less in length,

L, is the explosive length such that 100% high order initiation will
occur if the esplosive is L2 or more in length. The suggested relationships
‘between perciéntages f hLigh order initiations and the explcsive and

coverplate parameters are schematically represented in Figures 21 and 22.

2. End Confined ard Fully Confined Charges of Comp "B".

The results showa in Table II when compared with those in Table 1
indicate tnat end confinement generally increases the probability of high
order initiation over that observed with unconfined charges. The results
shown in Tabie III also suggest an increased probability of imitic:iiam
for cased cuurges over that for wiconfined cha.rges. For the 2, ¢7
9" . coverpicte thicknesses the observed results for the snorter exilosive

targets are summarized below in Table IX.

T

CONFIDENTIAL




CONFiDENTIAL

TABLE IX

% OF FIGH ORDFR TNITIATIONS OBSERVED UNIER VARIOUS CONDITIONS OF CONFIMT.

Conditions Unconfined End Confined Fully Cunfined
3" Coverplate < ) | 10C%
Explosive ) .
Coverplate ) . 1k% 20%
1" Explosive

9" Coverplate " 80 , 100%
3" Explosive . _ ,
It should be pointed out.that with the small sample 3izes to which

an“exploratory investigation 18 necessacily limited, the statistical
'ana.lysils is somewhat inconclusive and that in those portigns o the experi-
ment involving thick coverplates and long explosive charges the duta do
not support the conclusion that confinement increases the provability of

initiation.
COMMENTS OH‘ THE INITIATION MECEANISM

It is generally agreed that one of the important initiating mecha-
niems is likely to be the sh:ck wave in the explosive caused by the impact

of the Jet.

Increased coverplate thickness reduces the emerging Jjet velocity
and hence decreases the shock wave amblitude. This would be expected to
reduce the probability of initiation. The observation requirine fuaiiet
analysis is the apparent shifting of the point of imitiativa deeps: into
the high explosive ac the coverploatr thickness is increaned. It would
be useful in exploring tb_is phencmennn further, to use Jets whose tip
velocity was controllable. A large number ol photographic otservetions
of the point of initiation for verious conditions would also be hel;fu‘..

An wpothesis which suggests itself is that of a uniform distribui.c
of initiation nuclel (e.g. sir tuwbbles) in the high explosive. Since
reduced shocx wave arplitude reduces the p.oobability of initiavion at
any nucleus, the slgwcr Jet would have to travel farther on the nverage

18
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before it would initiate thse axplusive ai cae of the nuclel. We would
then expect a distribution .of initlation locations wnose nature would be
determined by the repidity wi:“ which the initiation probabilit:” Tor a
single nucleus falls witl: reduction in shock amplitude.

The nature of the relation between shock amplitude and single nucieus
iidtiation probability could also account for the very great dispersion

in tlhe data for thick targets and long explosive charges.

An extensiov.. of this simple hypotheeis would presuppose a uniform
spatial distribution of initiation nuclei which also were variable in
their threshold of sensitivity (e.g. alr vutbles of varying dimensions).
One would then have to study the Isrobability of eancountering an initi-
ation nucl@us capeble of being initiated by & shock pressi:re which was
decreasing as the depth of penetration of the jet into the explosive in-
creagsed.

- Explosive charge confinement and increased explosivé diemeter would
be éxpected to result in an increased probability of earlier initiation

. since the returniag boundary reflected rarefaction wave which redvces

the shock amplitude is longer delayed and hence the shock pressure stays
bigher loanger.

The possibility of other initiation mechanisms should not be igrorec
expecially for the slov Jets moving into long explocive charges. A
direct thermal tranefer mechanism may be wcrth studying.

SUMMARY ANWD CONCLUSIONS

study

The significant variables in an experiment desigusd for the
be the

of initiation of high expliosives by} shaped charge Jets‘a;':pear to
following: v
1. Thickness of coverplate.

n

Length of the explosive charge.

3., Type .ud degree of confinement of the explosive charge.

19
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Suggested empirical relatlonships vetwe:n the initiation probability
and the ijporta.ﬁt variables are outlinsd in Figures 20, 21 and 22 on the

basis of the trends seen’'in the ; ~esent data. |

If one disregards the s:attered date for thick coverplate: and long
explosive charges, conclusicns may be drawn about 'tbe" relation between
lepgth of the explosive charge and thickness of the coverplate. It appears
from the remaining data that in the regions where the transitlic:x between
0% and 100% initiations occur, coverplate thickness for & fixed charge
length decreases the initieztion probability. Furthermore, for a fixed
coverplate thickaess, increased length of exnlosive charge increeses the
probapvility of initiation. '

The effects of confinement are less clearly seen but the trend appears
to be toward increaced probabili’cy of initiation with increased con-

finement.
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#1G. 3. Radiograph of Jet from an MIAl Charge
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FIG. 9. lmgression Into Stecl Plate from Initiated ¢‘omposition B Charge Indicating

High Order Initiation.
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late from Imtiated CTuiposition B Charge Indizating

FIG. 10, Impreesion Into Steel P
High Order Initiation,
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F1G. i1, Initiation of a 1" Long Composition B Charge {W/.) Cover Plate) by an M9AY
Shaped Charge Jet,
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16" Cover Plate) by an

Initiation of 1'' LLong Compcsition B Charge (W/ 1,
M9A1 Shaped Charjge Jet,
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Charge (W /1/2" Cover Plate) by aw

FIG. 13. .aitiation of a 1" Long Composition B
M7A1 Shaped Charge Jet, ‘
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FI1G. 14. Initiation .. a 1" Long Cornposition B Charge (W/1'" Cover Plate) by an M9AL
Shaped Chatrpe Jet.
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harge (W /2" Cover Plate) by an MIA]

..itiation of a 1" Long Composition 8 C
5haped Charge Jet.
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av Cover Plate) by

FI1G. 16. Fa.ii-e to Initiate a 1" f.ong Composition B Charge (W/

an i’ ;A1 Shaped Charge Jet.
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F !G 17, lmtiation of a 2" Long Composition B Charyge (W/2" Cover Plate) by en
M9A) Shaped Charge Jet, )
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18, Failure o InR a2 Lony Composition B Cnarge (W /37 Cover Plate! by
an MY9AL Shaped Charee Jet,

,)8

CONFIDENTIAL




9

FIG, 19. Intiation of 2 2" Long Compositicn B Charge (W /3" Cover Plate
C-+"*ning Plate) by an M9A1 Shaped Charge Jet.
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